Study Objectives: To describe a group of patients referred because of abnormal sleep behaviors that were suggestive of rapid eye movement (REM) sleep behavior disorder (RBD) in whom video-polysomnography ruled out RBD and showed the reported behaviors associated with vigorous periodic limb movements during sleep (PLMS). Aims and Methods: Clinical history and video-polysomnography review of patients identified during routine visits in a sleep center. Results: Patients were 15 men and 2 women with a median age of 66 (range: 48-77) years. Reported sleep behaviors were kicking (n = 17), punching (n = 16), gesticulating (n = 8), falling out of bed (n = 5), assaulting the bed partner (n = 2), talking (n = 15), and shouting (n = 10). Behaviors resulted in injuries in 3 bed partners and 1 patient. Twelve (70.6%) patients were not aware of displaying abnormal sleep behaviors that were only noticed by their bed partners. Ten (58.8%) patients recalled unpleasant dreams such as being attacked or chased. Video-polysomnography showed (1) frequent and vigorous stereotyped PLMS involving the lower limbs, upper limbs, and trunk (median PLMS index 61.2; median PLMS index in NREM sleep 61.9; during REM sleep only 8 patients had PLMS and their median PLMS index in REM sleep was 39.5); (2) abnormal behaviors (e.g., punching, groaning) during some of the arousals that immediately followed PLMS in NREM sleep; and (3) ruled out RBD and other sleep disorders such as obstructive sleep apnea. Dopaminergic agents were prescribed in 14 out of the 17 patients and resulted in improvement of abnormal sleep behaviors and unpleasant dreams in all of them. After dopaminergic treatment, follow-up video-polysomnography in 7 patients showed a decrease in the median PLMS index from baseline (108.9 vs. 19.2, p = .002) and absence of abnormal behaviors during the arousals. Conclusions: Abnormal sleep behaviors and unpleasant dreams simulating RBD symptomatology may occur in patients with severe PLMS. In these cases, video-polysomnography ruled out RBD and identified prominent PLMS followed by arousals containing abnormal behaviors. Our cases represent an objectively documented subtype of periodic limb movement disorder causing abnormal sleep behaviors.
INTRODUCTION
Rapid eye movement (REM) sleep behavior disorder (RBD) is clinically characterized by vigorous dream-enacting behaviors and unpleasant dreams. 1 Diagnosis is based on clinical history and polysomnographic documentation of excessive electromyographic activity in REM sleep. Most patients with the idiopathic form of RBD eventually develop Parkinson disease and dementia with Lewy bodies. Thus, correct diagnosis of idiopathic RBD is important because misdiagnosis can carry adverse implications such as misinforming the patient about an increased risk for developing a neurodegenerative disease.
1 This is especially relevant since the same dream-enacting behaviors and unpleasant dreams seen in RBD may occur in sleep disorders not linked to neurodegeneration such as obstructive sleep apnea and sleep terrors. 2, 3 We herein report an additional condition that in a few cases may mimic RBD symptomatology, i.e., periodic limb movements in sleep (PLMS), in a group of patients who were referred to our sleep center because of abnormal sleep behaviors resembling RBD by clinical history.
METHODS

Patients were identified during routine first visits between 2004
and 2014 in the Multidisciplinary Sleep Unit of the Hospital Clinic de Barcelona, Spain, where abnormal sleep behaviors were the reason for referral. At first visit, comprehensive clinical and sleep history was conducted with the help of patient's bed partner. To examine the nature of reported behaviors, patients underwent full-night video-polysomnography including electrooculography, electroencephalography (F3, F4, C3, C4, O1, and O2, referred to combined ears), and electromyography of the mentalis, bilateral biceps brachii (from 2004 to 2008) or flexor digitorum superficialis (from 2009 to 2014) in upper limbs, and bilateral anterior tibialis in lower limbs. Oral and nasal airflow were measured with thermistor and nasal pressure cannula. Thoracic and abdominal movements, oxyhemoglobin saturation, and electrocardiography were also recorded. Sleep stages, arousals, and apneas were scored according to the American Academy of Sleep Medicine criteria. 4 
PLMS in
Statement of Significance
The typical abnormal sleep behaviors and unpleasant dreams seen in RBD may occur in other sleep disorders such as obstructive sleep apnea. This study describes another sleep disorder that may mimic RBD. We report a series of patients who consulted because of abnormal sleep behaviors resembling RBD but in whom video-polysomnography ruled out this REM sleep parasomnia and showed frequent and vigorous PLMS in NREM sleep involving the 4 limbs and trunk associated with semi-purposeful behaviors and vocalizations during arousals that followed PLMS. Treatment with dopaminergic agonists dramatically improved PLMS frequency and intensity as well as unpleasant dreams and abnormal behaviors. This form of severe PLMS should be considered as another condition that may simulate RBD symptoms as well as an objectively documented subtype of periodic limb movement disorder causing abnormal sleep behaviors. Sleep specialists and neurologists should be aware of this entity in the differential diagnosis of RBD and consider Video-polysomnography as the instrument able to distinguish RBD from this extreme form of PLMS.
the legs were scored following the World Association of Sleep Medicine criteria, 5 and PLMS index was calculated as the number of leg movements per hour of sleep in a series of 4 or more movements with duration between 0.5 and 10 s and interval movement duration between 5 and 90 s. 5 When diagnosis of PLMS was finally made, blood tests including iron and ferritin levels were performed. Patients were offered dopaminergic therapy and oral iron supplements when judged necessary. Patients underwent follow-up visits where the clinical effect of treatment was assessed by patients and bed partners and classified as complete success, partial success, and no response. When patients reported improvement, they were asked to undergo video-polysomnography while taking the prescribed dopaminergic medication. Local ethics committee approved the study.
RESULTS
We identified 17 patients (15 men and 2 women) with median age of 66 (range: 48-77) years and median abnormal sleep behaviors duration of 5 (range: 0.5-30) years. Twelve (70.6%) patients were not aware of displaying sleep behaviors and 5 were only partially aware. Bed partners were able to describe the abnormal sleep behaviors displayed by their spouses and had to convince all of them to seek medical consultation. Reported motor manifestations (Table 1) were usually vigorous including kicking (n = 17), punching (n = 16), and knocking off the nightstand (n = 6), but semi-purposeful activities (e.g., picking things, waiving) were also reported (n = 8). Five patients fell out of bed and 2 grabbed the neck or pulled the hair of their spouses. Three bed partners and 1 patient were injured with facial, arm, and leg bruises. Vocalizations included talking (n = 15), shouting (n = 10), groaning (n = 10), crying (n = 3), laughing (n = 2), singing (n = 1), and swearing (n = 1). These behaviors and vocalizations occurred almost every night and appeared intermittently during the entire sleep period but mainly in the first half. Unpleasant dreams recalled by patients included "being chased" (n = 8) and "attacked by someone" (n = 8) or "by an animal" (n = 3) ( Table 1 ). Ten bed partners had the impression that their spouses were acting out their dreams as a consequence of the frequent sleep-related vocalizations, movements, and behaviors that they witnessed at night.
Sleep history also revealed sleep-onset insomnia (n = 8), fragmented sleep (n = 8), nonrestorative sleep (n = 7), and hypersomnia (n = 12). The median Epworth Sleepiness Scale score was 12 (range: 0-19), with 10 patients scoring higher than 10. Six patients had restless legs syndrome (RLS) of mild intensity occurring less than 3 nights per week that was only reported when we specifically asked for it. None had sought medical advice for RLS. Motor and cognitive complaints were absent and neurological examination was normal in all subjects. None had a previous diagnosis of Parkinson disease, dementia with Lewy bodies, polyneuropathy, renal failure, anemia, or iron deficiency. Two patients had a previous diagnosis of obstructive sleep apnea syndrome and both were treated successfully with continuous positive airway pressure for several years. History of other sleep disorders including sleepwalking, confusional arousals, sleep terrors, or nocturnal seizures was absent in all patients.
Video-polysomnography showed PLMS with median PLMS index of 61.2 and PLMS index associated with arousals of 27.2 (Table 2) . PLMS involved the lower and upper limbs in all subjects and the trunk in 13. PLMS in the limbs were bilateral with occasional alternations from side to side, stereotyped in each patient, and vigorous resembling jumping or crawling in some cases ( Figure 1A , supplemental videos). In 10 patients, vocalizations (e.g., groaning, talking) and semi-purposeful behaviors (e.g., grasping the sheets, raising and flailing arms) lasting only few seconds were occasionally observed in the audiovisual recording during some of the arousals that immediately followed the prominent PLMS in NREM sleep. These semi-purposeful behaviors were seen in a minority of these PLMS-related arousals in NREM sleep. During REM sleep, there were no vocalizations or semi-purposeful behaviors following PLMS, probably because the intensity of PLMS in REM sleep was less severe than in NREM sleep. PLMS occurred intermittently during the entire night except in 3 subjects in whom PLMS were found only in the first third of the night. PLMS occurred in NREM sleep in all subjects (median PLMS index in NREM sleep 61.9) and in REM sleep in 8 (in these 8 patients the median PLMS index in REM sleep was 39.5) ( Table 2 ). Nine patients had PLMS only in NREM sleep, 8 had PLMS in both NREM and REM sleep, and none had PLMS only in REM sleep. When compared with PLMS in NREM sleep, those PLMS in REM sleep were less severe and less frequent but showed the same stereotyped motor pattern. RBD was ruled out since REM sleep showed normal muscle atonia and no behavioral or motor manifestations other than PLMS. Significant obstructive sleep apnea was absent in all cases including both patients with a previous diagnosis of obstructive sleep apnea syndrome since they underwent video-polysomnography using their own continuous positive airway pressure mask. All patients had normal blood tests including renal function, iron, and ferritin levels. Six patients had ferritin levels lower than 25 ng/mL but within the normal range. Fourteen patients agreed to receive therapy for their abnormal sleep behaviors. We prescribed pramipexole in 11 patients (median dose 0.18 mg/night), ropinirole in 1 (1 mg/night), cabergoline in 1 (1 mg/night), and rotigotine in 1 (4 mg/day). Four patients with ferritin levels lower than 25 ng/mL received oral iron supplements. After few weeks of therapy, dopaminergic treatment was considered completely successful in 4 patients and partially successful in the remaining 10 since both abnormal behaviors and unpleasant dreams decreased in frequency and severity. Insomnia, sleep fragmentation, hypersomnia, and RLS symptoms also improved. In all patients, clinical improvement was maintained after a median follow-up of 17 (range: 3-108) months.
After 1-6 months of successful dopaminergic therapy, 7 patients agreed to undergo video-polysomnography. Compared with the baseline study, this second video-polysomnography showed that PLMS were less prominent and vigorous, there was a significant decrease in PLMS index, and no behaviors or vocalizations following arousals were observed (Table 3, Figure 1B ).
DISCUSSION
We report a group of patients who were referred because of abnormal sleep behaviors resembling RBD. Video-polysomnography ruled out this parasomnia and detected a substantial number of vigorous PLMS that led to arousals containing abnormal motor and vocal manifestations.
PLMS are stereotyped repetitive episodes consisting in extension of the great toe and ankle, and flexion of the knee and hip sometimes coincident with arm movements. 5 PLMS are thought to result from dopaminergic dysfunction, and dopaminergic agonists decrease the PLMS number and related arousals. The clinical relevance of PLMS is controversial; whereas they are a common incidental finding in healthy people without sleep complaints, PLMS also occur in some sleep disorders such as RBD, NREM sleep parasomnias, and sleep-related eating disorder. [6] [7] [8] [9] [10] [11] [12] In these settings, treatment of PLMS with dopaminergic agents can improve in some instances the severity and frequency of these problems. [10] [11] [12] The International Classification of Sleep Disorders has coined the term "Periodic limb movement disorder" to a situation where PLMS disrupt sleep continuity causing insomnia, nonrestorative sleep, and hypersomnia. 13 Our cases represent an objectively documented subtype of this condition where the severe and frequent PLMS induce abnormal sleep behaviors. In our patients, PLMS were frequent in number, highly stereotyped, intermittent and occurring throughout the entire night, mainly in NREM sleep, involved the 4 limbs and trunk, and they were vigorous disturbing bed partners' sleep. PLMS were associated with arousals that contained motor behaviors and vocalizations and resulted in sleep fragmentation leading to insomnia, nonrestorative sleep, and hypersomnia. Dopaminergic agents reduced the number of PLMS, restored sleep continuity, and improved dramatically all symptoms. In our patients, the vigorous PLMS in upper and lower limbs, together with the motor behaviors and vocalizations appearing during the partial arousals triggered by these PLMS, were misinterpreted during the clinical interview as punches, kicks, and dream enactments suggestive of RBD. In video-polysomnography, abnormal vocalizations and behaviors resembling dream enactment only occurred after PLMS-related arousal in NREM sleep, and not during REM sleep. This might be explained by the fact that in our patients PLMS during REM sleep were less frequent and less vigorous than those seen in NREM sleep. This scenario is different from when severe obstructive sleep apnea mimics RBD where dream-enactment behaviors are seen both in arousals from NREM and REM sleep. 2 Unpleasant dreams similar to those of RBD (e.g., being chased or attacked) were also reported, suggesting that vigorous PLMS themselves might have triggered that particular dream content, a possibility that has been already pointed out in RBD.
14 Violent motor behaviors in RBD are usually viewed as the direct result of the loss of muscle atonia during REM sleep that allows the expression of movements and behaviors reflecting the dream content. 15 An alternative hypothesis is that activation of brainstem structures by sensory feedback from the frequent intense REM sleep twitches and jerky limb movements is what generates in RBD the aggressive content of dreams. In other words, the re-afferent sensations arising from violent limb movements could be incorporated into dreams. 14, 16, 17 A similar explanation in our patients with severe PLMS might be that the sensory feedback from the vigorous PLMS could have induced the similar dream content recalled by RBD patients. 18, 19 However, the exact mechanism generating these unpleasant dreams and whether they arise from sleep fragmentation with repeated confusional arousals caused by the vigorous PLMS occurring continuously through the entire night remains to be elucidated.
Apart from RBD, vigorous sleep behaviors may occur in other conditions such as sleep terrors, frontal lobe epilepsy, and obstructive sleep apnea. [1] [2] [3] It is important to distinguish RBD from these disorders because its idiopathic form underlies a neurodegenerative disease. In our patients, sleep history could not distinguish RBD from this severe form of PLMS. RLS was not an indicator of PLMS because it was infrequent, mild, and not the referral complaint. As seen in idiopathic RBD, most of our patients with vigorous PLMS were men older than 50 years, were unaware of their actions that had to be described by bed partners, had a chronic history of vigorous sleep behaviors resulting in injuries (including potential lethal behaviors against the bed partner since some of our patients grabbed the neck of their spouses), and experienced unpleasant dreams such as being attacked.
Limitations of our study were that dream content during the nocturnal video-polysomnography in our patients was not assessed, and not all patients tried dopaminergic treatment nor had follow-up sleep studies. Another limitation is that additional studies including objective measures of sleepiness (e.g., multiple sleep latency test) or actigraphic recordings were not conducted. We also did not evaluate the frequency of this subtype of periodic limb movement disorder in the group of consecutive subjects with PLMS or in the series of patients consulting because of abnormal sleep-related behaviors.
This form of severe periodic limb movement disorder should be included in the differential diagnosis of RBD as another condition that may simulate its symptoms. Our findings emphasize the usefulness of video-polysomnography as the instrument able to distinguish RBD from its mimics. The frequency of dream-enacting behaviors among subjects with increased PLMS index and the reason why our case series have an age and gender distribution 
